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TRANSLATION MACHINE CAPABLE OF
TRANSLATING SENTENCE WITH AMBIGUOUS
PARALLEL DISPOSITION OF WORDS AND/OR

PHRASES

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a translation machine

for outputting a natural translated sentence, more par- !0

ticularly the translation machine which is capable of
translating a sentence with an ambiguous parallel dispo-
sition of words and/or phrases into a correct sentence.
2. Description of the Related Art
The inventors of the present invention know a trans-
lation machine which 1s operated to enter a source lan-
guage mput from a keyboard 1nto a translation module
under a contrel of a main central processing unit (CPU).
The translation module serves to translate the source
language into a target language by using dictionaries
and by following rules such as grammatical rules and
tree-structure transforming rules stored in a memory.
In a translation operation, a syntactic of the source
language 1s analyzed in the translation module as fol-
lows. The words composing one sentence contained in
the read source language are stored in a buffer. Using
the dictionary stored the memory, the translation mod-
ule serves to derive a part speech of each word stored in
the buffer. Then, proper grammatical rules are picked
out of the memory for setting up the modifying relation
among the parts of speech of the words. Based on the
picked grammar rules, a structure analyzing tree is cre-
ated for indicating how the words composing the sen-
tence being modified. The syntactic analyzing tree of
the source language is transformed into the syntactic
analyzing tree of the target language, from which the
translated sentence of the target language is created.
When the English sentence of “He played cards in
the room, the yard, and the garage of his house.” (the
source language is herein assumed to be English) is
input to the known translation module, the translation
module provides no means for determining the parallel
disposition of three phrases “the room™, “the yard” and
“the garage”. According to the grammatical rules,
therefore, the three phrases of “the room”, “the yard”
and “the garage of his house” are erroneously deter-
mined as parallel disposition. It results in the translation
module serving to translate the English sentence into
the target-language (herein, Japanese) translated sen-
tence like:

EUZ0RQOEERBVLTA- 27

4

il
hid

=N
(translated such that ‘“his house” modifies only “the
garage”’, though in actual “his house modifies all of “the
room”, “the yard” and “the garage™.)

The known translation machine operates to build a
syntactic analyzing tree for indicating how the words
composing an input source-language sentence being
modified by using the grammatical rules and to create
the translated sentence of a target language on the basis
of the syntactic analyzing tree of the source language.
Hence, 1n case of inputting a sentence whose parallel
disposition of the phrases and/or words is ambiguous or
whose modifying structure of the words is ambiguous, it
may be possible to obtain a plurality of grammatical rule
groups from the memory, each grammatical rule group

working for defining the modifying relation among the
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words composing the sentence. In such a case, it is
possible to build all the possible syntactic analyzing
trees, to obtain a plurality of translated sentences for
those syntactic analyzing trees, and to output the ob-
tained translated sentences in a predetermined se-
quence.

As such, if an operator determines the first output
translated sentence of the target language is not proper,

he or she gives an indication from the keyboard to the
CPU so as to change the translated sentence alternatives

in sequence and select the most appropriate one. This
operation 1§ very troublesome, because all the translated
sentence alternatives are not displayed on a display
device such as a cathode ray tube (CRT) simulta-
neously.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
translation machine which is capable of translating a
sentence In a source language with an ambiguous paral-
lel disposition of words and/or phrases into an accurate
sentence in a target language.

The object of the present invention can be achieved
by a translation machine capable of translating a sen-
tence 1n a source language with an ambiguous parallel
disposition of words and/or phrases into an accurate
sentence 1n a target language includes a unit for looking-
up dictionaries and for analyzing morphological of the
sentence 1n the source language input to the translation
machine so as to provide a part of speech of the ana-
lyzed morphological, a unit connected to the dictionary
look up and morphological analyzing unit for analyzing
a syntactic of the sentence based on the obtained parts
of speech of the morphological by using grammatical
rules stored 1n the dictionary look up and morphologi-
cal analyzing unit, a2 unit connected to the syntactic
analyzing unit for transforming the analyzed syntactic
into a syntactic in a target language, and a unit con-
nected to the transforming unit for generating a trans-
lated sentence 1n the target language in accordance with
the transformed syntactic in the target language.

Preferably, the translation machine further includes a
unit for adding one or more parallel word and/or
phrase specifying symbols to parallel words and/or
phrases contained in the input sentence, a unit con-
nected to the adding unit for detecting the paraliel word
and/or phrase specifying symbols added to the input
sentence, a unit connected to the adding unit for storing
a first part-of-speech information about the parallel
words and/or phrases and for storing a second part-of-
speech information about each word and/or phrase
composing the parallel words and/or phrases, a unit
connected to the storing unit for obtaining the first
part-of-speech information about start locations of the
parallel words and/or phrases specified by the symbols,
parts of speech of the specified words and/or phrases
and a number of morphological, for obtaining the sec-
ond part-of-speech information about a start location of
each one of the specified parallel words and/or phrases,
a part of speech of each one of the specified words
and/or phrases and a number of morphological of the
specified words and/or phrases at a time when the de-
tecting unit detects the symbols contained in the input
sentence, and for storing the first and second part-of
speech information in the part-of-speech information
storing unit.
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More preferably, the syntactic analyzing unit is capa-
ble of recognizing each one of the parallel words and-
/or phrases as parallel disposition based on both of the
first and second part-of-speech information, and capable
of analyzing a syntactic of the input sentence at a time
when the part-of-speech storing unit stores the first and
second part-of-speech information.

Further preferably, the specifying symbols include a
parallel-disposition start symbol, a parallel element start
symbol, a parallel element end symbol and a parallel-
disposition end symbol.

The parallel-disposition start symbol is nS_[ for
noun, vS_.| for verb, aS__[for adjective, and dS_[ for
adverb, preferably.

The parallel element start symbol is preferably [.

The parallel element end symbol is ], preferably

The parallel-disposition end symbol is preferably
E_[

The translation machine further includes a main cen-
tral processing unit for controlling an input of said sen-
tence in said source language to said dictionary look up
and morphological analyzing means, preferably.

The part-of-speech information storing unit is prefer-
ably composed of five buffers.

The source language is English and said target lan-
guage i1s Japanese, preferably.

In operation, when the input sentence has ambiguous
parallel disposition of some phrases or words, the unit
for adding a parallel word and/or phrase specifying
symbol.serves to add the specifying symbol to the input
sentence for specifying the parallel words and/or
phrases.

When the unit for detecting the word or phrase speci-
fying symbol serves to detect the specifying symbols
added in the input sentence, the unit for storing part-of-
speech information serves to obtain the first part-of-
speech information about a start location of the parallel
word and/or phrases specified by the symbol, a part of
speech of the words and/or phrases, and the number of
morphological of the specified words and/or phrases
and the second part-of-speech information about a start
location of each parallel word and/or phrase, a part of
speech of each word and/or phrase, and the number of
morphological of the specified words and/or phrases,
based on the specifying symbols. Then, the first and the
second part-of-speech information are stored in the
part-of-speech information storing unit.

The syntactic analyzing unit serves to analyze the
syntactic of the input sentence based on the part-of-
speech information of each morphological composing
the mnput sentence, the part-of-speech information being
obtained by the dictionary look up and morphological
analyzing unit. In the syntactic analysis, at a time when
the part-of-speech information storing unit stores the
first part-of-speech information and the second part-of-
speech information, the words and/or phrases specified
on both of the information are considered as parallel
disposition, resulting in analyzing the syntactic of the
input sentence on the consideration.

The syntactic analyzing unit performs the syntactic
analysis on the consumption that the words and/or
phrases specified by the specifying symbols are ranged
in parallel. At a time when the input sentence has am-
biguous parallel disposition of the words and/or
phrases, the present translation machine is capable of
rapidly generating an accurate translated sentence by
adding the parallel word and/or phrase specifying sym-
bol.
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Further objects and advantages of the present inven-
tion will be apparent from the following description of
the preferred embodiment of the invention as illustrated

in the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a translation ma-
chine according to an embodiment of the present inven-
tion;

FIG. 2 1s an explanatory view showing translation
levels executed in the automatic translation;

FIG. 3 i1s a block diagram showing a functional por-
tion of a translation module included in the translation
machine shown in FIG. 1;

FIG. 4 1s a block diagram showing the translation
module shown in FIG. 3;

FIG. 5 1s a view showing the content of a buffer
included in the translation module;

FIG. 6 1s a view showing the content of another
buffer included in the transiation module;

FIG. 7 1s a view showing the content of another
buffer included in the translation module;

FIG. 8 15 a view showing the content of another
buffer included in the translation module;

FIG. 9 1s a flowchart showing an example of a paral-
lel word or phrase processing operation;

FIG. 10 1s a flowchart showing the parallel word or

phrase processing operation after the flowchart shown

in FIG. 9;

FIG. 11 1s a view showing the content of a buffer
provided in translatmg a sentence;

FI1G. 12 1s a view showing a syntactic analyzing tree
obtained in case of adding the symbols for specifying
parallel words or phrases in translating the sentence;
and

FIG. 13 1s a view showing a syntactic analyzing tree
obtained 1n case of adding no symbols for specifying
parallel words or phrases in translating the sentence.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the accompanying drawings, an embodi-
ment of the translation machine according to the pres-
ent invention will be described in details.

FIG. 1 is a block diagram showing a translation ma-
chine according to an embodiment of the present inven-
tion.

As shown in FIG. 1 the translation machine includes
a central processing unit (CPU) 11, a main memory 12,
a cathode-ray tube (CRT) 13, a keyboard 14, a transla-
tion module 15, a memory 16 for storing a translation
dictionary and tree-structure transforming rules such as
grammatical rule and breaking rules, a printer 17 for
printing the resulting translation on paper.

The memory 16 is composed of the breaking rules
storing unit.

The translation module 15 serves to translate a sen-
tence in a source language entered from the keyboard
14 into the sentence in a target language, that is, the
translated sentence. That is to say, the source-language
sentence entered from the keyboard 14 is sent to the
translation module 15 under the control of the main
CPU 11. The translation module 15 serves to translate
the source-language sentence into the target-language
sentence by using the dictionary, the grammatical rules,
the breaking rules and the tree-structure transforming
rules stored in the memory 16. The translated result is

printed on paper by the printer 17.



5,353,221

>

The main CPU 11 controls the CRT 13, the keyboard
14, the translation module 15 and the printer 17 for
proceeding the translation process. The main memory
12 stores a translation program used in the main CPU
11. On the CRT 13, the input sentence in the source
language, the translated sentence in the target language,
and several kinds of indications are displayed. A user
could provide any specification using the keyboard 14.

The automatic translation executed in the translation
module 15 has some analyzing levels as shown in FIG.
2.

When the sentence in the source language is input to
the left upper block, the dictionary is consulted at the
level L1, the morphological is analyzed at the level L2,
and the syntactic 1s analyzed at the level L3, and the
processes at the levels L4 and LS are executed in se-
quence.

The automatic translation is, in large, divided into
two parts depending on the analyzing methods.

In one part, the analysis of the input sentence pro-
ceeds from the level L1 to the level L.6. The level L6 is
independent of the source language and the target lan-
guage. It concerns with a middle language. The cre-
ation of the target-language sentence proceeds from the
level L6 to the creation of the context at the level L7,
the creation of the meaning at the level L8, the creation
of the syntactic at the level L9, and then to the creation
of the morphological at the level L10.

The above-mentioned processes are referred to as a
pivot system.

In the other part, the syntactic analysis of the input
sentence proceeds up to one of the analysis of the mor-
phological at the level L2, the analysis of the syntactic
at the level L3, the analysis of the meaning at the level
L4 and the analysis of the content at the level L5 for
forming the internal structure of the source language.
Then, the resulting internal structure of the source lan-
guage is fransformed into the internal structure of the
target language at the same level. Next, based on the
transformed internal structure, the transiated sentence is
created.

The above-mention processes are referred to as a
transfer system.

Herein, each analyzing system will be described.

(A) Dictionary Consulting and Morpheme Analysis

The mput sentence of the source language is divided
into the morphological train (word train). By looking-
up the dictionary stored in the memory 16 shown in
FI1QG. 1, 1t 1s possible to obtain the grammatical informa-
tion about a part of speech for each word and the trans-
lated counterpart and further analyze the tense, the
personal and the number of each word.

(B) Syntax Analysis

The syntactic of the sentence (syntactic analyzing
tree) indicating how the words being modified is de-
fined as indicated later.

(C) Meaning Analysis

Of the syntactic-analyzed results obtained by the
syntactic analysis of the word, the correct one is se-
lected in light of meaning.

(D) Context Analysis

Based on the understanding of a topic contained in
the mput sentence, ambiguity is left out from the sen-
tence.
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The translation module 15 used in the present em-
bodiment 1s designed to proceed up to the syntactic
analysis at the level L3. It means that the translation
module 15 is arranged to have the dictionary look up
and morphological analyzing unit 151, the syntactic
analyzing unit 152, the transforming unit 153 and the
translated sentence generating unit 154.

FIG. 3 1s a block diagram showing a concrete ar-
rangement of the translation module 15.

FIGS. 5 to 8 and Table 1 show the contents of the
buffers A to E shown in FIG. 4 on an assumption that
the input sentence in the source language (herein, En-

glish):
“This 1s a pen.”

1s translated into the counterpart of the target language
(herein, Japanese).

The buffers F and G, which will be described in more
details later, are used in this embodiment.

At first, the normal translating process from English

to Japanese will be described with reference to FIGS. 3
to 8 and Table 1.

The original English sentence read in the translation
module 15 1s divided into the morphological as shown
in FIG. 5 under the control of the translation CPU 155.
The translation CPU 185 is controlled on a translation
program stored in a translation program storage unit
138. The number 1s added to each divided morphologi-
cal 1n sequence and the numbered morphological are
stored in the buffer A of FIG. 4. The morphological
train stored in the buffer A is read from the head in
sequence. By looking-up the dictionary stored in the
memory 16, it 1s possible to obtain the necessary infor-
mation such as a translated counterpart and a part of
speech for each morphological while it is read. The
information about each morphological obtained as
above 1s stored 1n the buffer B as being related with the
core word of the morphological (i.e., the dictionary
look up and morphological analysis are executed in the
dictionary look up and morphological analyzing unit
151 shown 1 FIG. 3).

As a result, the information about a part of speech,

which is part of the information, is stored as shown in
Table 1.

TABLE 1
Buffer B - Part of Buffer for Dictionary-Consulted Result

WORD LOCATION CORE WORD NOUN
0 This Pronoun
Indicative Adjective
1 iS Verb
2 a Article
3 pen Noun
4 . Period

Herein, the word “this” contains a plurality of parts
of speech but may be uniquely defined by the following
syntactic analysis. That is to say, following the dictio-
nary and the grammatical rules stored in the memory
16, the structure analyzing tree indicating how the
words being modified 1s defined as shown in FIG. 6 and
then 1s stored in the buffer C (i.e., the syntactic analysis
is executed in the syntactic analyzing unit 152 shown in
FIG. 3). This syntactic analyzing tree is defined as fol-
lows. ~

Of the grammatical rules stored in the memory 16,
the grammatical rules for modifying the parts of speech
stored in the buffer are selectively read from the mem-
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ory 16. For the foregoing sentence, the following gram-
matical rules are read.

Grammatical Rule (a) Sentence=Nominative -
Predicate

Grammatical Rule (b) Nominative=Noun Phrase

Grammatical Rule (c) Predicate=Verb+ Noun
Phrase |

Grammatical Rule (d) Noun Phrase=Pronoun

Grammatical Rule (e¢) Noun Phrase = Article 4 Noun

These grammatical rules stand for the following
meanings.

The grammatical rule (a) represents that the sentence
consists of a nominative and a predicate.

The grammatical rule (b) represents that the nomina-
tive consists of a noun phrase.

The grammatical rule (c) represents that the predi-
cate comnsists of a verb and a noun phrase.

The grammatical rule (d) represents that the noun
phrase consists of a pronoun.

The grammatical rule (e) represents that the noun
phrase consists of an article and a noun.

Herein, the structure analyzing tree 1s defined accord-
ing to the above-mentioned grammatical rules.

Next, using the transforming rules for the tree struc-
ture stored i the memory 16, the syntactic analyzing
tree (see FIG. 6) of the input English sentence is trans-
formed into the syntactic analyzing tree of Japanese as
shown 1n FIG. 7. The resulting syntactic analyzing tree
of Japanese is stored in the buffer D shown in FIG. 4
(i.e., the syntactic transformation is executed in the
transforming unit 153 shown in FIG. 3).

Finally, the Japanese counterpart
is obtained on the basis of the Japanese syntactic analyz-
Ing tree.

The proper Japanese particle “':” 1s added to the
counterpart and is stored in the buffer E shown in FIG.
4 (i.e., the creation of the translated sentence is executed
in the translated sentence generating unit 154 shown in
FIG. 3.). The resulting Japanese sentence ‘caz~xrTs3.
is output from the translation module 15 and i1s dis-
played on the CRT 13.

Herein, the detailed description will be described to
the process for parallel words and/or phrases, which 1s
a feature of this embodiment.

In this embodiment, by adding the parallel word
and/or phrase specifying symbol for specifying the
parallel disposition of the words and/or phrases con-
tained in the input sentence of the source language, it is
possible to obtain the accurate translated sentence in the
target language without ambiguous parallel disposition
of the words and/or phrases in the input sentence.

Table 2 (A) and (B) show the examples of the parallel
word or phrase specifying symbols used for specifying
parallel disposition of words or phrases. The symbols
shown 1n Table 2 (A) are those for starting specification
of parallel words or phrases (referred to as a parallel-
disposition start symbol). These parallel-disposition
start symbols have four types as shown in Table 2 (A),
which respectively have the following meanings.

TLRRZAYTH 2.

Table 2 (A)
SYMBOL PARALLEL-DISPOSITION PART
NUMBER START SYMBOL OF SPEECH
1 nS__| Noun
2 A | Verb
3 aS._[ Adjective
4 dS__| Adverb

10

15

20

25

30

35

40

45

8

Table 2 (B)
PARALLEL ELEMENT END SYMBOL: |

Table 2 (C)
PARALLEL ELEMENT END SYMBOL.: ]

Table 2 (D)
PARALLEL-DISPOSITION END SYMBOL: E_]

The parallel-disposition start symbol “nS_{” of the
symbol number “1” means that the whole parallel
words or phrases delimited by this parallel-disposition
start symbol are tfreated as nouns. The parallel-disposi-
tion start symbol “vS_|” of the symbol number “2”
means that the whole parallel words or phrases delim-
ited by this parallel-disposition start symbol are treated
as verbs. The parallel-disposition start symbol “aS__[”
of the symbol number “3” means that the whole parallel
words or phrases delimited by this parallel-disposition
start symbol are treated as adjectives. The parallel-dis-
position start symbol “dS_]” of the symbol number “4”
means that the whole parallel words or phrases delim-
ited by this parallel-disposition start symbol are treated
as adverbs.

The symbol shown in Table 2 (B) is a symbol for
specifying the start of parallel elements (referred to as a
parallel element start symbol), which stand for the start
of the specification of each word or phrase (referred to
as a parallel element) of the parallel words or phrases.
The symbol shown in Table 2 (C) is a symbol (referred
to as a parallel element end symbol) for specifying the
end of the parallel elements, which symbol stands for
the end of the parallel elements. The symbol shown 1n
Table 2 (D) is a symbol (referred to as a parallel-disposi-
tion end symbol) for specifying the end of the parallel
words or phrases, which symbol stands for specification
of the last parallel element of all the parallel words or
phrases. As such, the words or phrases ranging from the
parallel-disposition start symbol to the parallel-disposi-
tion end symbol are specified as parallel words or
phrases. The parallel-disposition start symbol also
serves as both the parallel element start symbol about
the first parallel element, and the parallel element end
symbol about the last parallel element also serves as the
last one of all the parallel words or phrases.

The foregoing parallel word or phrase specifying

0 symbols are allowed to be added to the input sentence in

335

60

65

accordance with the indication given from the key-
board 14, that is, the keyboard 14 corresponds to the
unit for adding the parallel word or phrase specifying
symbols.

The translation machine arranged as described above
is capable of translating the input sentence in the source
language having the parallel-disposition start symbol,
the parallel element start symbol, the parallel element
end symbol and the parallel-disposition end symbol
added thereto into the sentence in the target language as
described below.

FIGS. 9 and 10 are flowcharts for illustrating the
parallel word or phrase processing operation executed
by the translation CPU 155 (corresponding to the dic-
tionary look up and morphological analyzing unit 151)
of the translation module 15 shown in FIGS. 1, 3 and 4.

The parallel word ar phrase processing operation will
be described in detail with reference to FIGS. 9 and 10.
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The input sentence in the source language 1s divided
into the morphological (simply referred to as words for
more brief description) and the number is add to the
words from the head in sequence (step S1). The words
with the numbers added thereto are stored in the buffer 5
A shown in FIG. 4. |

A “0” 1s set to a pointer so that the word with the
number “0” added thereto 1s read from the buffer A
(step S2).

It 1s determined whether or not the head of the read
word matches to the parallel-disposition start symbol
(step S3). If it 1s, the process goes to a step S10 and if
not, the process proceeds to a step S4.

It is determined whether or not the head of the read
word matches to the parallel element start symbol (step 15
S4). If it is, the process goes to a step S13 and if not, the
process proceeds to a step S3.

It 15 determined whether or not the head of the read
word matches to the parallel-disposition end symbol
(step S5). If it 1s, the process goes to the step S13 and if 20
not, the process proceeds to a step S6.

It 1s determined whether or not the tail of the read
word matches to the parallel element end symbol (step
S6). If it 1s, the process goes to a step S17 and if not, the
process proceeds to a step S7.

The core word of the read word is stored in the buffer
B shown 1n FIG. 4 at the word location adjacent to the
location where the core word has been already stored
(step S7).

It 1s determined whether or not the next word is
stored in the buffer A (step S8). If it is, the process goes
to a step S9 and if not, the process proceeds to a step
S18.

The content of the pointer is incremented (step S9).
Then, the word with the next number added thereto is
read from the buffer A. The process returns to the step
S3 at which the process starts for the next word.

Simce all the parallel words or phrases having the
parallel-disposition start symbol at their heads are
treated as one unit, the content of the parallei-disposi-
tion start symbol specifies the title of the part of speech
of all the parallel words of phrases regarded as one unit
(step S10). The specified part of speech is stored in the
buffer F shown in FIG. 4.

The location of the word (that is, the number set to
the pointer) is stored in the buffer F as being related to
the stored part of speech (step S11).

The words from the subject word to the last word
(parallel word) having the parallel-disposition end sym-
bol at its head are counted in number (step S12). The
counted number of the words is stored in the buffer F as
being related to the part of speech and the word loca-
tion pre-stored in the buffer F.

That is, the first part-of-speech information about the
parallel words or phrases is composed of the part of 55
speech, the word location and the number of word
stored in the buffer F.

The title of the part of speech specified by the content
of the parallel-disposition start symbol is stored in the
bufier G shown in FIG. 4 (step S13).

The location of the subject word is stored in the
buffer G as being related to the title of the part of
speech pre-stored in the buffer G (step S14).

The words composing the parallel elements having
the parallel-disposition start symbol, the parallel ele- 65
ment start symbol or the parallel-disposition end symbol
at the head are counted in number (step S15). The
counted number of the words is stored in the buffer G as
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being related to the title of the part of speech and the
word location pre-stored in the buffer G.

That 1s, the second part-of-speech information about
the parallel elements is composed of the part of speech,
the word location and the number of words stored in
the buffer G.

The parallel-disposition start symbol, the parallel
element start symbol or the parallel-disposition end
symbol is deleted (step S16). Only the core word is
stored at the location adjacent to the word location
where the core word has been already stored in the
buffer B. Then, the process goes to the step S8.

The parallel element end symbol is deleted (step S17).
Only the core word is stored at the location next to the
word location where the core .word has been already
stored in the buffer B. Then, the process goes to the step
S8.

Since 1t i1s determined that the next word is not left at
the step S8 (that is, the core word of all the words
composing the input sentence is stored in the buffer B),
the dictionary stored in the memory 16 is consulted so
as to obtain a part of speech of each core word stored in
the buffer B (step S18). The obtained part of speech of
each core word and the number of words compose the
part-of-speech information, which is stored in the buffer
B as being related to each core word.

The content of the buffer F obtained at the steps S10
to S12 and the content of the buffer G obtained at the
steps to S135 are added to the part-of-speech information
about the core word at the corresponding word loca-
tion 1n the buffer B (step S19). Then, the parallel word
or phrase processing operation is terminated.

According to this embodiment, as mentioned above,
the translation CPU 155 is composed of the unit for
detecting the parallel word or phrase specifying symbol
and the unit for storing the part-of-speech information.
The part-of-speech information storing unit is com-
posed of the buffers B, F and G.

Based on the part-of-speech information stored in the
buffer B, the syntactic analyzing unit 152 serves to exe-
cute the syntactic analysis of the input sentence.

As set forth above, since the input sentence has the
parallel-disposition start symbol, the parallel-disposition
end symbol, the parallel element start symbol and the
parallel element end symbol added thereto, a plurality
of words or phrases laid at the interval between the
parallel-disposition start symbol and the last paralle]
element end symbol (that is, the parallel element end
symbol corresponding to the parallel-disposition end
symbol) are regarded as parallel disposition.

For each word or phrase (that is, parallel element),
the second part-of-speech information is set to have the
word location, the part of speech and the number of
words. Then, the second part-of-speech information is
added to the part-of-speech information about the word
stored 1n the buffer B. Further, all the words laid within
the interval are regarded as one idiom.

Next, the first part-of-speech information is sef to
include the location of the head word of the idiom, the
part of speech of the idiom and the number of the
words. The first part-of-speech information is added to
the information about each word stored in the buffer B.

In analyzing the syntactic, the syntactic analysis is
correctly executed if the words or phrases located at the
interval are disposed in parallel. Further, the word train
located at the interval is syntactic-analyzed as one id-
10m.
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In turn, as taking an example sentence, the descrip-
tion will be directed to the foregoing operation for
processing the parallel word or phrases with references
to FIGS. 9 and 10. Herein, the source language 1s En-
glish and the target language is Japanese.

From the keyboard 14, an operator inputs the follow-
ing sentence (A) of

“He played cards in nS_[the room)], [the yard], and
E__[the garage] of his house.”

Here, the parallel-disposition start symbol, the paral-
lel element start symbol, the parallel element end sym-
bol and the parallel-disposition end symbol are pro-
vided.

After dividing the input sentence (A) into the words,
the number is added to each word in sequence from the
head as shown in FIG. 11 and the words with the num-

bers added thereto are stored in the buffer A.

The pointer for specifying the word location is set to
“0” s0 as to read the head word “He” from the buffer A.
The read word “He” is stored at the word location “0”
of the buffer B as shown in Table 5, because the head
“H”” does not match to any one of the parallel-disposi-
tion start symbol, the parallel element start symbol and
the parallel-disposition end symbol, and the tail *“e”
does not match to the parallel element end symbol
Since the unprocessed words are left such as “played”,
the content of the pointer is incremented so as to con-
tinue the process of the left words such as ““played”.
From “played” to “in” whose number of the buffer A 1s
“3”, none of the parallel-disposition start symbol, the
parallel-disposition end symbol, the parallel element
start symbol and the parallel element end symbol are
located at their heads or tails. Hence, as shown in Table
5, the core word corresponding to each word itself 1s
stored at the locations *“1” to “3” of the buffer B (refer
to the above-described Steps S1 to S9).

Next, the pointer is set to “4” and the word “nS_ [
the” is read from the buffer A. Since the head “nS_|” of
the read word “nS._[the” is a parallel-disposition start
symbol, as shown in Table 3, the part of speech “noun”
indicated by the content of the parallel-disposition start
symbol “nS__[”, the word location “4”, and the number
of the words from the word “nS_[the” to the last word
“garage]” of the parallel element “E._'the garage]”
having the parallel-disposition end symbol at their
heads are stored in the buffer F.

As shown in Table 4, the part of speech “noun” speci-
fied by the content of the parallel-disposition start sym-
bol 37 nS_[”, the word location “4”, and the number
“2” of the words composing the parallel elements
“nS_[the room]” having the paraliel-disposition start
symbol “nS_[” at the head are stored in the buffer G.
Then, the parallel-disposition start symbol “nS__[” is
deleted from the word “nS_[the”. It results in only the
core word “the” being stored in the word location “4”
of the buffer B as shown in Table $ (refer to the above-
described steps S9, S3, S10 to S16, S8).

TABLE 3
Buffer ¥
PART
WORD LOCATION OF SPEECH NUMBER OF WORDS
4 Noun 9
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TABLE 4
Buffer G
PART
WORD LOCATION OF SPEECH NUMBER OF WORDS
4 Noun 2
7 Noun 2
11 Noun 2
TABLE 5
Bufier B
WORD LOCATION CORE WORD
0 He
I played
2 cards
3 11
4 the
5 Iro0m
6 ,
7 the
8 yard
S ;
10 and
11 the
12 garage
13 of
14 his
15 house
16

Next, the content of the pointer 1s incremented and
the word “room]” is read from the buffer A. Since the
read word “room]” has the parallel element end symbol
“” at the tail, the parallel element end symbol “}” is
deleted from the word “room]”. Then, as shown in
Table 35, only the core word “room” 1is stored at the
word location “5” of the buffer B (refer to the above-
described steps S9, S3 to S6, S17, S8).

Next, the content of the pointer is incremented and
the word *,” 1s read from the buffer A. Since the word
“,”” has none of the parallel-disposition start symbol, the
40 parallel-disposition end symbol, the parallel element

start symbol and the parallel element end symbol, the
core word “,” 1s stored at the word location “6” of the
butfer B (refer to the above-described steps S9 and S3 to
S8).

The content of the pointer is incremented and the
word ‘“‘[the” is read from the buffer A. Since the read
word ““[the” has the parallel element start symbol “[” at
the head, as shown in Table 4, the part of speech “noun”
specified by the content of the paraliel-disposition start
symbol “nS_[”, the word location “7”, and the number
“2” of the words composing the parallel elements “[the
yard]” having the parallel element start symbol “[” at
the head are stored 1n the buffer G.

Then, the parallel element start symbol “[” 1s deleted
from the word “[the”. Hence, as shown in Table 3, only
the core word is stored at the word location “7” of the
buffer B (refer to the above-described steps S9, S3, $4,
S13 to S16, and S8).

Like the above process, the processes for the words

“yard]”, “,” and “and” are carried out (refer to the
above-described steps 89, S3 to S8, S17).

In the meantime, the pointer is set to “11” and then
the word “E_[the” is read from the buffer A. Since the
read word “E._{the” has the parallel-disposition end
symbol “E_[” at the head, as shown in Table 4, the part
of speech “noun” specified by the content of the paral-
lel-disposition start symbol “nS_[”, the word location
“11”, and the number “2” of the words composing the
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parallel elements “E__[the garage]” having the parallel-
disposition end symbol “E_.[" at the head are stored in
the buffer G. Then, the parallel-disposition end symbol
“E_[” is deleted from the word “E_[the”. Hence, as
shown in Table §, only the core word “the” 1s stored at 5
the word location “11” of the buffer B (refer to the

14

stored in the column of “part of speech 2, the number of
words 2” at the corresponding word location of the
buffer B. As shown in Table 7, the first part-of-speech
information stored in the buffer F 1s stored at the col-
umn of “part of speech 3, the number of words 3” at the
corresponding word location of the buffer B.

TABLE 7
. | Buffer B
WORD PART OF NUMBER OF PARTOF NUMBEROF PARTOF NUMBER OF
LOCA- CORE SPEECH WORDS SPEECH WORDS SPEECH WORDS
TION WORD 1 | 2 2 3 3

0 He Pronoun 1

1 played Verb ]

2 cards Noun 1
3 in Prep. 1

4 the Article 1 Noun 2 Noun 9
5 room Noun |
6 , Comma 1
7 the Article 1 "Noun 2
8 yard Noun 1
9 X Comma 1

10 and Conj. 1

11 the Article | Noun 2

12 garage Noun 1

13 of Prep. 1

14 his Def. 1

15 house Noun 1

16 Period 1

where, Prep. = Preposition, Conj. = Conjunction, Def. = Definitive

above-described steps 89, S3 to S5, S13 to S16, S8).

Like the foregoing process, the processes for the
words “garage]”, “of”, “his”, “house” and “.” are car-
ried out (refer to the above-described steps 89, S3 to S8,
S17).

Upon the termination of the process for the tail word
“.”, the parallel word or phrase processing operation is
terminated for the example sentence (A). As a result,
the information shown in Table 5 is stored in the buffers
B, F and G as shown in Tables 3, 4 and 5.

Then, as shown in Table 5, the dictionary is consulted
on the core word of the word stored 1n the buffer B so
as to obtain the part-of-speech information containing a 40
part of speech for each core word and the number of the
words. Then, as shown in Table 6, the part-of-speech
information is stored at the column of “part of speech 1,
the number of word 17 of the buffer B.

30

35

TABLE 6 45
_Buffer B
WORD CORE PART OF NUMBER
LOCATION WORD SPEECH OF WORDS
0 He Pronoun 1 50
1 played Verb 1
2 cards Noun 1
3 in Preposition 1
4 the Article 1
5 room Noun 1
6 , Comma 1 55
7 the Article 1
8 yard Noun 1
9 , Comma 1
10 and Conjunction 1
11 the Article 1
12 garage Noun |
13 of Preposition | 60
14 his Definitive 1
15 house Noun 1
16 Period 1

The column of “noun” of the buffer B shown in Table 65
1 corresponds to the column of “part of speech 1, the
number of words 1>’ shown in Table 6. Next, the second
part-of-speech information stored in the buffer G is

Though the word “the” at the word location “4” of
the buffer B has a part of speech “article” according to
the dictionary-looking-up operation, the foregoing pro-
cess makes 1t possible to add to the word “the”, the part
of speech “noun” of the word number “2” according to
the second part-of-speech information stored in the
buffer G, that is, the two words “the room” containing
the word “the” 1s treated as one idiom.

Further, 1n analyzing the syntactic, these two words
are allowed to be treated as one noun. This is true to the
word “the” at the word location “7” and the word
“the” at the word location “11”°. When the syntactic is
analyzed in the syntactic analyzing unit 152 as shown 1n
FIG. 3, these three idioms containing the words “the”
are treated as parallel disposition.

The part of speech “noun” of the word number *“9” 1s
added to the word “the’ at the word location “4” of the
buffer B. The part of speech “noun” of the word num-
ber “9” 1s derived from the first part-of-speech informa-
tion stored 1n the buffer F, that is, the six words compos-
ing the three idioms “the room”, “the yard” and “the
garage” containing the word “the”, the two words “,”
located between two of these idioms, and one word
“and”, that 1s, the nine words are treated as one idiom.

In analyzing the syntactic, these nine words are al-
lowed to be processed as one noun.

Hence, the dictionary look up and morphological
analyzing unit 151 included in the translation module 15
terminates the dictionary look up and morphological
analysis and the process for the parallel words or
phrases. Based on the part-of-speech information of
each word stored at the column “part of speech 1 word
number 1”° of the buffer B, the syntactic analyzing unit
152 serves to carry out the syntactic analysis of the
example sentence (A). '

Since the second part-of-speech mmformation “noun
2” stored at the column of ‘““part of speech 2, word
number 2”°, the word “the” stored at the word locations
“4”, “7” and ““11” of the buffer B 1s regarded to be the

united words “the room”. “the yard” and “the garage”.
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That is, the part-of-speech information stored at the
column of “noun 1, the word number 17’ 1s disregarded
with respect to the word “the” Further, since the part-
of-speech mformation of “noun 9” is stored at the col-
umn of ‘“noun 3, word number 3, the word ‘“the”
stored at the word location “4” is regarded as the head
of one noun idiom composed of the nine words “the
room, the yard, and the garage”. Hence, the nine words
“the room, the yard, and the garage” of the sentence
(A) are syntactic-analyzed as shown in the block (A) of
F1G. 12. Later, the syntactic analysis proceeds with
these nine words “the room, the yard, and the garage”
being regarded as one noun 1diom.

From the grammatical rules stored in the memory 16,
the following grammatical rules for analyzing the parts
of speech of the sequential words included 1n the sen-
tence (A) are read:

(GGrammatical rule (d) noun phrase - pronoun

Grammatical rule (f) sentence - declarative senten-
ce -+ period

Grammatical rule (g) declarative sentence - noun
phrase + verb phrase |

Grammatical rule (h) noun phrase - noun

Grammatical rule (i) noun phrase - definitive +-noun

Grammatical rule (J) noun phrase - noun phrase---
prepositional phrase

Grammatical rule (k) verb phrase - verb-+noun
phrase

Grammatical rule (1) verb phrase - verb phrase -
prepositional phrase

Grammatical rule (m) prepositional phrase - preposi-
tion+noun phrase

Grammatical rule (n) noun - noun-+comma--
noun-+comma-+conjunction+noun (exclusive rule
when the parallel disposition i1s specified)

By using these grammatical rules, the syntactic analy-
sis 1s executed on each part-of-speech information
stored in the buffer B as shown in Table 7. It results in
forming the syntactic analyzing tree as shown in FIG.
12. Herein, the grammatical rule (n) is one of the gram-
matical rules used when the parallel word or phrase
specifying symbol is located in the input sentence.

In this syntactic-analyzed result, the portion specified
by the parallel word or phrase specifying symbol is
regarded as follows. That is, the portions “the room”,
“the yard” and “the garage” are regarded as nouns,
respectively. Next, based on each piece of part-of-
speech information about a word location, a noun and a
word number stored in the buffer B, the most approxi-
mate grammatical rule (n) of the exclusive rules when
the parallel disposition is specified is applied to those
words, resulting in regarding the nine words “the room,
the yard, and the garage” as one noun.

Based on the resulting syntactic-analyzing tree, the
transforming unit 153 of the translation module 15
serves to transform the English sentence into the Japa-
nese counterpart. Then, the translated sentence generat-
ing unit 154 serves to create the translated sentence
based on the transformed resulit. It results in generating
the Japanese translated sentence of:

"EHR. EOROBE, PR, RUBEILBVWTA-FET VALK -

In a case that the parallel-disposition start symbol, the
parallel-disposition end symbol, the parallel element
start symbol, and the parallel element end symbol are
not added to the sentence (A), the dictionary look up
and morphological analyzing unit 151 performs the
parallel processing and the dictionary-looking-up oper-
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ation. As a result, the part-of-speech information is
stored in the buffer B as shown in Table 6. Then, from
the grammatical rules stored in the memory 16, the
grammatical rules for forming the parts of speech of the
sequential words included in the sentence (A) are read
as a tree 1n a bottom-to-up manner. These rules are as
follows:

Grammatical rule (d) Nouns phrase - pronoun

Grammatical rule (f) Sentence - declarative 4 period

Grammatical rule (g) Declarative sentence - noun
phrase - verb phrase

Grammatical rule (h) Noun phrase - noun

Grammatical rule (i) Noun phrase - definitive+noun

Grammatical rule (j) Noun phrase - noun phrase---
prepositional phrase

Grammatical rule (k) Verb phrase - verb-+noun
phrase

Grammatical rule (1) Verb phrase - verb phrase--
prepositional phrase

Grammatical rule (m) Prepositional phrase - preposi-
tion 4-noun phrase |

Grammatical rule (e) Noun phrase - article4+noun

Grammatical rule (o) Noun phrase - noun phrase--
conjunction (for paralle] disposition})

Grammatical rule (p) Noun phrase - noun phrase-}-
noun phrase

Grammatical rule (q) Noun phrase - noun phrase-}-
comma (for parallel disposition)

By using these grammatical rules, the syntactic analy-
sis 1s carried out on the basis of each piece of part-of-
speech mformation stored in the buffer B as shown in
Table 6. It results in forming a syntactic analyzing tree
as shown m FIG. 13.

According to the syntactic-analyzed result, it is re-
garded that the three phrases “the room”, “the yard”,
and ‘“‘the garage of his house” are disposed in parallel.

Then, the transforming process is carried out on the
basis of the resulting syntactic analyzing tree and the
translated sentence generating process is carried out on
the basis of the transformed result are carried out, re-
sulting 1n generating the Japanese translated sentence

of:

!

. RE, P2, RUVEPXDREEILSWVWTA-FEZT7V AL, ©

(meaning that “his house” modifies only “the garage”.)

Hence, the created translated sentence 1s against the
operator’s intention.

As set forth above, in a case that the parallel dispo-
sition of the words or phrases may be erroneously rec-
ognized because of the ambiguous modifying structure
of the mput sentence, the operator uses the keyboard 14
to give an instruction for adding the parallel word or
phrase specitfying symbol to the input sentence. The
parallel-disposition start signal is added immediately
before the first parallel element of the parallel words or
phrases. The parallel-disposition end symbol is added
immediately before the last parallel element of the par-
allel words or phrases. The parallel element start sym-
bol 1s added immediately before the paraliel elements
except the first and the last elements. The parallel ele-
ment end symbol 1s added mmmediately after all the
parallel elements composing the parallel words or
phrases.

Then, the dictionary look up and morphological ana-
lyzing unit 151 of the translation module 15 serves to
perform the proper process for parallel words or
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phrases, resulting in the first part-of-speech information
being stored in the buffer ¥ on the basis of those sym-
bols. The first part-of-speech information is used for
treating as one idiom the words ranging from the first
word having the parallel-disposition start symbol at the
head to the last word having the parallel-disposition end
symbol at the head. This first part-of-speech informa-
tion consists of the word location of the word having
the parallel-disposition start symbol at the head, the
number of the words treated as one idiom, and the part
of speech of the idiom. The foregoing proper process
for parallel words or phrases allows the second part-of-
speech information in the buffer G to be stored in the
buffer G on the basis of those symbols. The second
part-of-speech information is used for treating as one
idiom the words ranging from the word having the
parallel-disposition start symbol, the paraliel element
start symbol or the parallel-disposition end symbol at
the head to the word having the corresponding parallel
element end symbol at the head. This second part-of-
speech information consists of the word location of the
word having the parallel-disposition start symbol, the
parallel element start symbol or the parallel-disposition
end symbol at the head, the number of the words
treated as one idiom, and the part of speech of the 1d-
iom.

Then, the dictionary 1s consulted on the basis of each
core word of the words composing the input sentence
for the purpose of obtaining the part-of-speech informa-
tion for each word of the input sentence. Then, the
part-of-speech information is stored in the buffer B. The
first part-of-speech information is read from the buffer
F and added to the corresponding word location of the
buffer G.

In the syntactic analysis done in the syntactic analyz-
ing unit 152 of the translation module 15, the words
ranging from the word having the paraliel-disposition
start symbol, the parallel element start symbol or the
parallel-disposition end symbol at the head to the word
having the corresponding parallel element end symbol
at the tail are treated as one idiom on the basis of the
part-of-speech information added to the buffer B. These
idioms are treated as parallel disposition. The words
ranging from the first word having the parallel-disposi-
tion start symbol at the head to the last word having the
parallel-disposition end symbol at the head are treated
as one idiom.

Hence, the parallel relation among some words of the
mmput sentence becomes so clear that the words or
phrases specified by the symbols are properly deter-
mined as parallel disposition.

In the foregoing embodiment, the part-of-speech
information storing unit 1s composed of the buffer B, the
buffer F and the buffer G. This invention is not limited
to it. For example, the first part-of-speech information
and the second part-of-speech information are allowed
to be stored in the buffer B.

According to the present invention, the arrangements
and the contents of the buffers A to G are not limited to
those of the foregoing embodiment.

The formats of the parallel-disposition start symbol,
the parallel-disposition end symbol, the parallel element
start symbol and the parallel element end symbol are
not limited to those formats shown in Table 2. What
they need for the formats in this invention is the formats
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by which the start of the paraliel words or phrases, the
end of the parallel words or phrases, the start of the
parallel elements, the end of the parallel elements and
the noun of the parallel words or phrase are specified.

The algorithm for processing the parallel words or
phrases according to this invention is not limited to the
algorithm described 1n the foregoing embodiment.

In the embodiment, the source language is English,
while the target language is Japanese. It goes without
saying that these languages according to the invention
are not limited to those described in this embodiment.

Many widely different embodiments of the present
invention may be constructed from the spirit and the
scope of the present invention. It should be understood
that the present invention is not limited to the specific
embodiments described in the specification, except as
defined in the appended claims.

What is claimed is:

1. A translation machine for translating into a target
language a sentence including a plurality of words and-
/or phrases, a word and/or phrase group of a plurality
of other words and/or phrases, a parallel-disposition
start symbol just before said word and/or phrase group,
and a parallel-disposition end symbol, said start symbol
including a part-of-speech specifying symbol, said ma-
chine comprising:

a first storing means for storing said sentence in a first

buffer:

a second storing means for storing sequentially in a
second buffer a first information unit including said
words and/or phrases and said other words and/or
phrases, and the corresponding word locations
thereof;

a third storing means for storing in a third buffer a
second information unit including said part-of-
speech specifying symbol, a word location just
after said start symbol, and the number of said
other words and/or phrases between said start
symbol and said end symbol; and

an adding means for adding said second information
stored in said third buffer to said first information
stored in said second buffer.

2. A translation machine according to claim 1,
wherein said part-of-speech specifying symbol specifies
a part-of-speech of said word and/or phrase group as
one of a noun, a verb, an adjective and an adverb, said
start symbol indicates a start of said word and/or phrase
group, and said end symbol indicates an end of said
word and/or phrase group.

3. A translation machine according to claim 2,
wherein said part-of-speech specifying symbol is nS for
noun, vS for verb, aS for adjective, and dS for adverb.

4. A translation machine according to claim 3,
wherein said start symbol 1s nS [ for noun, vS [ for verb,
aS | for adjective, and dS [ for adverb.

5. A translation machine according to claim 4,
wherein said end symbol is E |[.

6. A translation machine according to claim 1,
wherein said sentence further includes a parallel ele-
ment start symbol and a parallel element end symbol.

7. A translation machiné according to claim §,
wherein said parallel element start symbol is [.

8. A translation machine according to claim §,

wherein said parallel element end symbol is |.
¥ % % % %k
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